We have previously described oncolytic adenovirus (Ad) vectors KD3 and KD3-interferon (IFN) that were rendered cancer-specific by mutations in the E1A region of Ad; these mutations abolish binding of E1A proteins to p300/CBP and pRB. The antitumor activity of the vectors was enhanced by overexpression of the Adenovirus Death Protein (ADP, E3-11.6K) and by replication-linked expression of IFN-a. We hypothesized that the anticancer efficacy of the KD3-IFN vector could be further improved by expression of tumor necrosis factor-related apoptosis-inducing ligand (TRAIL). E1-deleted Ad vectors were constructed carrying reporter genes for enhanced green fluorescent protein or secreted placental alkaline phosphatase (SEAP) and a therapeutic gene for TRAIL under control of the TetON system. Expression of the genes was increased in the presence of a helper virus and the inducer doxycycline such that up to 231-fold activation of expression for the TetON-SEAP vector was obtained. Coinfection with TetON-TRAIL augmented oncolytic activity of KD3 and KD3-IFN in vitro. Induction of TRAIL expression did not reduce the yield of progeny virus. Combination of TetON-TRAIL and KD3-IFN produced superior antitumor activity in vivo as compared with either vector alone demonstrating the efficacy of a four-pronged cancer gene therapy approach, which includes Ad oncolysis, ADP overexpression, IFN-a-mediated immunotherapy, and pharmacologically controlled TRAIL activity.
Introduction
Oncolytic adenoviruses (Ad) represent a novel class of therapeutic agents that are being developed for the treatment of cancer. The oncolytic Ad ONYX-015, carrying a deletion of the e1b-55k gene, was evaluated in clinical trials and was found to be inefficient when used as a single modality. 1, 2 At the same time, ONYX-015 had significant anticancer activity in combination with chemotherapy in head and neck cancers. 1, 3 Recently, the oncolytic vector H101, which is similar to ONYX-015, was approved in China for clinical use in combination with chemotherapy in patients with head and neck cancers. 4 Both ONYX-015 and H101 are deletion mutants of human Ad serotype 5 (Ad5) without the addition of an exogenous genetic payload. These vectors exert anticancer activity by killing infected cancer cells as part of the process of Ad replication. Expression of therapeutic transgenes represents an approach to improving the anticancer activity of oncolytic Ad vectors in single-agent treatments and to increasing the antitumor potency of the vectors in multimodal regimens. 2 We have previously described the conditionally replicative Ad vector KD3-interferon (IFN) that has demonstrated antitumor activity both in immunodeficient and immunocompetent animal models. 5 Replication of KD3-IFN was rendered cancer-specific by the dl1101/1107 mutation in the e1a gene; this mutation abolishes binding of E1A proteins to the cellular p300/CBP and pRB proteins. 5, 6 The antitumor activity of KD3-IFN was mediated by Ad oncolysis enhanced by overexpression of the Adenovirus Death Protein (ADP; E3-11.6K), which is essential for maximizing vector spread inside the tumor, 6 and by the anticancer activity of IFN-a expressed from the vector. IFN-a is a pleiotropic cytokine that has antiproliferative, cytotoxic, antiangiogenic and immunomodulating activities, which are the mechanisms of clinical antitumor activity of recombinant IFN-a protein. The combination of the dl1101/1107 mutation with IFN-a expression provided additional cancer selectivity to the vector rendering replication of KD3-IFN sensitive to IFNa-mediated antiviral activity in normal cells and consequently improving the therapeutic index of the vector. 5 We hypothesized that the combination of KD3-IFN treatment with the proapoptotic activity of tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) would produce improved anticancer activity in vitro and in vivo. TRAIL induces apoptosis in a variety of cancer cells via activation of specific death receptors. 7 Normal cells were shown to suppress TRAIL-mediated apoptosis by decoy receptors and by activation of nuclear factor kB (NFkB). 8, 9 Replication-deficient (RD) and replication-competent (RC) Ad vectors expressing TRAIL were reported to mediate the production of TRAIL in vivo, and they demonstrated antitumor activity in animal cancer models. [10] [11] [12] [13] [14] [15] However, high concentrations of TRAIL were found to be toxic for normal human hepatocytes 16, 17 and produced severe hepatitis in mice. 18 TRAIL-mediated hepatotoxicity can be controlled by pharmacologically regulated expression of TRAIL. 18 The TetON regulatable expression system allows for induction of gene expression by tetracycline or its analogue doxycycline (Dox); withdrawal of the inducer switches the expression off. 19 We constructed the RD Ad vector TetON-TRAIL, which expresses human TRAIL under the control of the TetON system. We hypothesized that a binary Ad vector system consisting of RD TetON-TRAIL, expressing TRAIL in a pharmacologically controlled mode, and RC KD3-IFN, expressing ADP and IFN-a, could produce improved anticancer activity. It is known that RC Ad can trans-complement replication of an RD vector resulting in amplification of transgene expression. [20] [21] [22] [23] Therefore, we expected that KD3-IFN would serve as a helper for replication of TetON-TRAIL leading to increased TRAIL expression. IFN-activated signaling pathways were shown to sensitize tumor cells to apoptosis mediated by TRAIL; 24 synergistic apoptotic activity of the combination of type I IFN (IFN-a or IFNb) and TRAIL was demonstrated in various cancer cells in vitro. [25] [26] [27] [28] [29] In this report, we describe the kinetics and pharmacological control of transgene expression mediated by RD Ad in the presence of trans-complementing oncolytic Ad, and we evaluate the in vitro and in vivo anticancer activity of a binary Ad system including oncolytic Ad, armed with ADP and IFN-a, and RD Ad expressing TRAIL in a pharmacologically controlled manner.
Materials and methods

Cell lines
Human cancer cell lines A549 (lung adenocarcinoma), Hep3B (hepatocellular carcinoma) and DLD-1 (colon adenocarcinoma) were purchased from the American Type Culture Collection (ATCC; Manassas, VA). Human embryonic kidney cells (HEK 293) were from Microbix (Toronto, ON, Canada). All cell lines were maintained in Dulbecco's modified Eagle's medium (JRH Biosciences, Lenexa, KS) supplemented with 10% fetal bovine serum (HyClone, Logan, UT). For Ad infection experiments, Tet system-approved fetal bovine serum was used (Clontech Laboratories, Mountain View, CA). RC Ads were propagated in suspension KB cells maintained in Joklik-modified MEM supplemented with 5% equine serum (HyClone).
Virus vectors
The KD3 and KD3-IFN RC Ad vectors were described previously. 5, 6 KD3 contains the dl1101/1107 mutation in the e1a gene and overexpresses ADP. KD3-IFN is a derivative of KD3 that has the gene for human IFN-a2b inserted downstream of adp. TetON-TRAIL, TetONenhanced green fluorescent protein (EGFP) and TetONsecreted placental alkaline phosphatase (SEAP) are RD Ads carrying the cDNA for human TRAIL (Invivogen, San Diego, CA), or reporter genes for EGFP (BD Biosciences, San Jose, CA) or SEAP (Invivogen), respectively, in the place of the deletion of the E1 region and under the control of the TetON system (Clontech Laboratories). The levels of SEAP expression driven by the TetON system in the presence of Dox were equal to the levels of expression driven by the cytomegalovirus promoter as measured by quantification of SEAP reporter gene expression in transient plasmid transfection experiments (data not shown). The viruses were propagated in 293 cells or suspension KB cells, purified by CsCl banding, and titered on 293 and A549 cells by limiting dilution assay. ). Cell viability was quantified at day 6 postinfection using the MTT assay.
Western blotting
To study the effect of TRAIL expression on the extracellular yields of an RC vector, Hep3B cells grown in six-well plates (3 Â 10 5 cells per well) were coinfected in triplicate with KD3 and TetON-TRAIL, or KD3 and TetON-EGFP at an MOI of 10 PFU per cell for each virus. Dox (1 mg ml À1 ) was added to the medium at the time of infection or 24 h postinfection. Samples of the medium were collected at days 1, 2 and 3 and viral titers were determined by limiting dilution assay on A549 cells.
In vivo study
The study was approved by the Saint Louis University Animal Care Committee and was performed in accordance with institutional and federal regulations. Subcutaneous Hep3B tumors were established in the hind flank of female nude mice (4-to 6-week-old, Harlan Sprague-Dawley, Indianapolis, IN) by injecting 5 Â 10 6 cells in 100 ml of Dulbecco's modified Eagle's medium containing 50% Matrigel (BD Biosciences). At 18 days later the mice were randomized and assigned into groups with an average tumor volume of 235 mm 3 . The animals were injected intratumorally with PBS (n ¼ 5),
8 PFU of TetON-TRAIL plus 1 Â 10 9 PFU of KD3-IFN (n ¼ 11) in 100 ml of PBS. The injections were repeated every second day for a total of five injections per tumor. Starting from day 9 after the first injection (the next day after the last virus injection) and until day 24 (15 days total), mice received Dox (2 mg ml À1 ) with drinking water containing 5% sucrose. Control mice received water with 5% sucrose. Tumor dimensions were measured every second day, and tumor volumes were calculated as length Â (width) 2 Â 0.5. Mice were euthanized when the tumor volume reached 10% bodyweight (2000 mm 3 ; uncensored event); when animals became cachexic (censored event) or when tumors became ulcerated (censored event).
Statistical analysis
The data are presented as mean±s.d. for in vitro experiments, and mean±s.e.m. for in vivo experiments. Statistical analyses were performed using SPSS (SPSS, Chicago, IL). The statistical significance of in vitro data was assessed with the General Linear Model followed by Tukey's HSD test for pairwise comparisons between groups. In vivo tumor volume data were analyzed with the Mann-Whitney U-test and survival rates were analyzed with the log-rank test. Po0.05 was considered to be significant. Figure 1a ) is an oncolytic Ad vector that replicates selectively in cancer cells due to the dl1101/1107 mutation in the e1a gene which abolishes binding of E1A proteins to cellular p300/CBP and pRb, and it has improved virus release and spread due to overexpression of ADP.
Results
Design of the vectors KD3 (
6,31 The KD3-IFN vector ( Figure 1a ) is a derivative of KD3, which expresses human IFN-a late in infection, and it has superior anticancer activity in vivo relative to KD3. 5 In addition, the combination of the dl1101/1107 mutation and IFN-a expression resulted in reduced hepatotoxicity of KD3-IFN in mice as compared to KD3. 5 Due to the potential toxicity of TRAIL, 17, 18 control of TRAIL expression might be required for prevention of side effects during treatment. The TetON expression system allows for induction of transgene expression in the presence of tetracycline or its derivative (for example, Dox); withdrawal of the inducer inhibits transgene expression. 19 We constructed the RD Ad vectors TetON-TRAIL, TetON-EGFP and TetON-SEAP expressing TRAIL, EGFP and SEAP, respectively, under control of the TetON system (Figure 1b) . The vectors carry expression cassettes in place of the E1 deletion. The E3 region in these vectors is identical to the E3 region in KD3 allowing for overexpression of ADP in the absence of immunomodulatory E3 genes. 32 The TetON-EGFP and TetON-SEAP vectors were constructed for visualization 33 and quantification 30 of transgene expression, respectively.
Kinetics and regulation of transgene expression from RD Ad coinfected with helper RC Ad We sought to evaluate the effect of trans-complementation on pharmacological control of transgene expression driven by the inducible TetON system. It has been reported previously that oncolytic Ad supports the replication of RD Ad when two viruses coinfect the cell. 6, 20, 31, 34, 35 We have previously demonstrated that each coinfected A549 cell produced 300 infectious units of RD Ad-bgal vector upon coinfection with RC KD3 vector. 6 Trans-complementation allows for amplification of transgene expression from a non-replicative virus. We sought to study the kinetics of transgene expression mediated by RD Ad alone or in coinfection with an oncolytic virus.
To study the kinetics of transgene expression in cancer cell lines that do not support replication of RD Ad, we infected Hep3B, A549 and DLD-1 cells with the TetON-SEAP vector alone, or in combination with the RC vectors KD3 or KD3-IFN. SEAP activity in the medium was measured at the indicated time points after infection. Addition of Dox increased SEAP activity in all cell lines (Figures 2a-c) . Activation of SEAP expression by the addition of Dox to the TetON-SEAP-infected cells was in the range of 1.7-to 4.7-fold at day 5 postinfection. Coinfection of the cells with TetON-SEAP and either RC vector produced higher levels of SEAP expression as compared to the levels produced by infection with the TetON-SEAP vector alone (Table 1) . Pharmacological control of SEAP expression was sustained in TetON-SEAP and RC Ad-coinfected cells, with Dox inducing 4.3-to 14.8-fold activation.
There was no statistically significant difference in the levels of SEAP activity in Hep3B and A549 cells regardless of the helper virus used (P40.14). In DLD-1 cells, the KD3-IFN helper provided slightly but significantly higher SEAP expression than did KD3 (Po0.001). An IFN-a-stimulated response element-like sequence within the TRE of the TetON system has been reported, 36 suggesting that the expression of IFN-a by KD3-IFN could mediate various levels of SEAP expression in different cell lines.
We also studied the kinetics, levels and regulation of gene expression mediated by TetON-SEAP in 293 cells, which support replication of the vector (Figure 2d ). In the absence of Dox, we could detect low SEAP activity in the medium of infected cells at late time points resulting from leakiness of the TetON system. A progressive increase of SEAP activity was observed in the presence of Dox, reaching a cumulative 23.7-fold activation of expression at day 5 postinfection (Table 1) .
The overall levels of SEAP expression in A549 and Hep3B cells coinfected with TetON-SEAP and KD3 or KD3-IFN, or in 293 cells infected with TetON-SEAP in the presence of Dox were 23-to 53-fold lower when compared to the expression levels produced by the RC Ad vector expressing SEAP under control of the major late promoter.
5,30
Trans-complementing binary vector system allows for regulatable expression of functionally active TRAIL We studied the expression of TRAIL in Hep3B cells infected with the TetON-TRAIL vector alone or in combination with KD3 or KD3-IFN. TRAIL was detected by western blotting only in cells coinfected with TetON-TRAIL and either RC vector, and only in the presence of Dox (Figure 3a) implying that the antibody against TRAIL had a sensitivity threshold preventing detection of TRAIL at lower concentrations. Coinfection with either KD3 or KD3-IFN resulted in similar levels of TRAIL. To confirm that the TRAIL produced by TetON-TRAIL was functionally active, we coinfected Hep3B cells with TetON-TRAIL and KD3 and mon- 
TRAIL expression increases the oncolytic efficacy of cancer-specific RC Ad in cancer cells
The combination of RC Ad oncolytic activity with the expression of TRAIL was shown to be superior to either modality alone in suppressing breast cancer cells in vitro and in vivo, 23 and it revealed synergistic caspase activation in hepatoma cells in vitro. 37 To assess whether regulatable expression of TRAIL from TetON-TRAIL improves the oncolytic activity of the conditionally replicative Ads KD3 and KD3-IFN, Hep3B and DLD-1 cells were TRAIL expression from TetON-TRAIL does not compromise replication of cancer-specific oncolytic Ad in Hep3B cells It has been shown that premature apoptosis of Adinfected cells can reduce Ad yields and spread. [38] [39] [40] [41] TRAIL-mediated induction of apoptosis, therefore, could potentially decrease oncolytic Ad yields when these two modalities are combined. In contrast, apoptosis induced at late stages of Ad infection can increase the fraction of virus progeny released from infected cells and result in improved spread of virus. 38 We evaluated the impact of TRAIL on the titers of cancer-specific RC Ad in the supernatants of Hep3B cells infected with TetON-TRAIL and KD3. To study the effect of TRAIL expression timing on KD3 replication, Dox was added to the cells at the time of infection or 24 h postinfection (Figure 5b ). We found that KD3 titers were increased in the medium of cells coinfected with TetON-TRAIL as compared to TetON-EGFP coinfected cells at 24 h (P ¼ 0.019) (data not shown) and 48 h (P ¼ 0.033) (Figure 5b ) but not at 72 h postinfection (P ¼ 0.221) (data not shown). Dox did not significantly influence KD3 titers at any time point although there was a trend toward significance with increase in time after infection (24 h: P ¼ 0.515; 48 h: P ¼ 0.103; 72 h: P ¼ 0.076).
Combination of regulatable TRAIL expression with KD3-IFN provides enhanced antitumor activity in vivo
We have previously shown that the cancer-specific oncolytic Ad vector KD3-IFN had superior antitumor activity in large established xenografts of human hepatocellular carcinoma in nude mice relative to the parental KD3 vector. 5 In this study, we sought to evaluate whether regulatable expression of TRAIL could further improve the antitumor activity of KD3-IFN in this model. Subcutaneous xenografts of Hep3B cells established in nude mice were injected intratumorally with TetON-TRAIL, KD3-IFN or a combination of the vectors; the injections were repeated every second day for a total of 5 Â 10 8 or 5 Â 10 9 PFU per tumor for TetON-TRAIL or KD3-IFN, respectively. Expression of TRAIL was induced by addition of Dox to drinking water. The TetON-TRAIL þ Dox-treated group was not different from the buffer-treated group on day 12 after the start of the treatment (P ¼ 0.59) (Figure 6a ). In contrast, both the KD3-IFN and KD3-IFN þ TetON-TRAIL þ Dox-treated groups were significantly different from the buffer and TetON-TRAIL þ Dox groups (Po0.037). The combination treatment produced superior tumor suppression in comparison with KD3-IFN (P ¼ 0.049). Survival rates of the mice treated with buffer or TetON-TRAIL þ Dox were not statistically different (P ¼ 0.96) (Figure 6b ). Both the KD3-IFN-and KD3-IFN þ TetON-TRAIL þ Doxtreated groups had significantly prolonged survival relative to buffer and TetON-TRAIL þ Dox-treated groups (Pp0.01). Three mice in the coinfection group were euthanized at days 16 or 40 due to cachexia and at day 22 due to tumor ulceration and were analyzed as censored events. The difference in survival between the KD3-IFN-and KD3-IFN þ TetON-TRAIL þ Doxtreated groups did not reach statistical significance in this experiment (P ¼ 0.18). However, all four surviving mice in the combination treatment group were either tumor-free or had residual tumors with less than 10 mm 3 volume at the end of the experiment (day 51 after start of treatment). In the KD3-IFN-treated group there was one tumor-free mouse and two mice with tumors of volume 32 and 800 mm 3 at the end of the experiment, respectively.
Discussion
New generations of oncolytic Ad vectors with increased anticancer potency and specificity are being developed for anticancer treatment. 2 We have recently described the cancer-specific RC Ad vector KD3-IFN which demonstrated antitumor activity mediated by Ad oncolysis that was improved by overexpression of ADP and by expression of functionally active IFN-a. 5 Importantly, the combination of a specific mutation in the E1A region of the vector with IFN-a expression resulted in higher cancer specificity of KD3-IFN as compared with the parental KD3 vector. In the present study, we tested the hypothesis that the proapoptotic activity of TRAIL could further enhance the antitumor efficacy of KD3-IFN.
High concentrations of TRAIL were found to induce hepatotoxicity. [16] [17] [18] However, pharmacological regulation of Ad-mediated TRAIL expression can allow for control over potential side effects of TRAIL treatment. 18 The limited cloning capacity of RC Ad vectors prevents the use of large two-step transcription amplification systems such as TetON. Accordingly, we constructed the RD Ad vector TetON-TRAIL which expresses TRAIL under control of the TetON system to be used as an RD component of a binary Ad vector system.
We hypothesized that a binary vector system including RC KD3-IFN and RD TetON-TRAIL could produce improved anticancer efficacy. RC Ad vectors support replication of coinfected RD Ad leading to amplification of transgene expression from the RD vector. 6, 20, 22, 23, 31, 42 rtTA, used in the TetON system, is known to have some affinity for TetO sequences within the TRE in the absence of Dox, leading to low basal expression of the transgene in the absence of inducer. 19, 43 Together, the presence of the helper virus plus Dox mediated up to 231-fold activation of SEAP expression from the TetON-SEAP vector. However, the complementing functions from the RC Ad also increased the basal expression of SEAP in the absence of Dox; these were found to be from 3-to 39-fold higher relative to the basal expression detected in the absence of helper virus. New versions of tetracycline-inducible promoters with tighter regulation of transgene expression should also be tested experimentally in combination with RC Ad to find an optimal regulatable system for use in transcomplementing infections.
We found that TetON-TRAIL improved the oncolytic activity of KD3 and KD3-IFN in Hep3B and DLD-1 cells in the presence of Dox. Notably, the activity of TRAIL was regulated in a trans-complementing infection. As the induction of apoptosis in Ad-infected cells can influence the yields and spread of RC Ad, 38 we examined the effect of regulatable TRAIL expression on the spread of TetON-TRAIL in 293 cells, which support replication of RD Ad vectors. Interestingly, induced TRAIL expression impaired spread of the vector in this cell line when compared to spread of the TetON-EGFP vector. However, TetON-TRAIL spread was improved in the absence of Dox as compared with TetON-EGFP spread, resulting in higher cell killing at low MOI. TRAIL was shown to activate the transcription factor NF-kB in 293 cells, leading to overexpression of the TRAIL death receptor DR5 and thereby amplifying the apoptotic response to TRAIL. 44 This might explain the deleterious effect of induced high levels of TRAIL on the replication of TetON-TRAIL in 293 cells; that is, the early apoptosis would kill infected cells before the virus matures and is released from the cells. 38 In contrast, low levels of TRAIL might induce apoptosis later in infection and facilitate the release and spread of virus progeny. Taken together, these results suggest that the effect of TRAIL expression on the anticancer activity of replicative Ad is dependent on the sensitivity of the infected cells to TRAIL-induced apoptosis; therefore, different levels of TRAIL expression might be required for various cancer cells when these two modalities are combined.
The Ad E3 proteins 6.7K, RIDa/b and 14.7K, whose genes are deleted from the TetON-TRAIL, were shown to inhibit TRAIL-induced apoptosis in Ad-infected cells. [45] [46] [47] The retention of these genes in TetON-TRAIL might be necessary for combining this vector with RC Ad in cancer cells that are highly sensitive to TRAIL-mediated apoptosis to prevent early death of the infected cells and to allow for a completion of the RC Ad infection cycle. Alternatively, the use of a weak promoter instead of an inducible promoter system for driving TRAIL expression might be sufficient for improvement of the oncolytic activity of an RC Ad in TRAIL-sensitive tumor cells.
The release from the infected cells and consequent dissemination of virus progeny are important determinants of oncolytic activity of RC viruses. 6, 31 We studied the effect of TRAIL-induced apoptosis on the release of KD3 from Hep3B cells infected with KD3 and TetON-TRAIL. The extracellular titers of KD3 from TetON-TRAIL coinfected cells were increased as compared to those from TetON-EGFP coinfected cells at early time points but not at a late time point. Induction of TRAIL expression did not reduce the KD3 titers whether Dox was added early or late in infection cycle suggesting that the relative resistance of Hep3B cells to TRAIL-induced apoptosis 25, 48 allows for the combination of RC Ad with high induced levels of TRAIL expression without a deleterious effect on Ad replication.
The combination treatment including TetON-TRAIL þ Dox and KD3-IFN produced superior antitumor activity in vivo relative to either modality alone, significantly suppressing the growth of Hep3B tumor xenografts in nude mice. This result could be explained by a combination of several mechanisms including a paracrine effect of TRAIL amplified by the RC virus, an autocrine effect of TRAIL on oncolytic virus release, and IFN-mediated sensitization of cancer cells to TRAILinduced apoptosis. Further detailed study is warranted to investigate the role of each mechanism in the overall antitumor activity of the binary vector system. Additionally, further studies may reveal an important role for the timing of the induction of TRAIL expression on the antitumor efficacy of the treatment.
Binary Ad systems represent a flexible approach in improving the antitumor efficacy of existing or novel oncolytic Ad vectors, and they provide the necessary cloning capacity for additional therapeutic transgenes and the ability to regulate the expression of toxic genes. The recently described exploitation of infected cells as carriers for the systemic delivery of oncolytic viruses to the tumor site 49, 50 represents an attractive strategy that could theoretically be readily applied to the delivery of binary Ad vector systems for the treatment of primary tumors and metastatic tumor nodules. Expression of Ad 'stealth' genes by RD Ad might also decrease immune-mediated clearance of the coinfected cell carriers in the immunocompetent host and lead to further improvement of antitumor efficacy. 32, 51, 52 Ad genome modifications introduced with the goal of improving the toxicity profile can compromise the oncolytic potency of the vectors due to attenuation of their replication in cancer cells as compared with wildtype (wt) Ad5. However, wt Ad5 can cause lethal outcomes in immunocompromised patients. 53 As cancer patients are often immunosuppressed, safety features might represent essential characteristics of recombinant Ad vectors that are being developed as oncolytic agents. It remains to be tested experimentally whether the therapeutic index of the binary system offers an advantage over other oncolytic agents including wt Ad5.
In conclusion, the RD Ad vector expressing TRAIL enhances the anticancer activity of RC Ad in cancer cell cultures, and the pharmacological control of TRAIL expression is maintained in a trans-complementing infection. Importantly, such combinations appear to require fine tuning of the levels of TRAIL expression depending on the sensitivity of the tumor cells to TRAIL-mediated apoptosis and the antiapoptotic properties of the Ad vector backbone to achieve optimal treatment efficacy. In large established Hep3B tumor xenografts, the binary Ad system produced improved antitumor efficacy as compared to the Ad components applied separately. These results demonstrate the efficacy of a four-pronged approach to anticancer therapy, which includes Ad oncolysis, ADP overexpression, IFN-a-mediated immunotherapy and pharmacologically controlled activity of TRAIL.
